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Introduction
The decay B 0 → J/ψK s is expected to provide a clean measurement of the angle sin(2β) in the unitarity triangle [1] . However, other modes can also provide relevant information on the angle β. where the final state is a CP eigenstate. This is because s, p and d partial waves with different CP-parities can contribute. An angular analysis can extract the contribution of the different CP eigenstates leading to a measurement of sin(2β) [2, 3] . In the factorization approximation and using Heavy Quark Effective Theory (HQET) it can be shown that the final states in B 0 → D * + D * − is dominated by a single CP eigenstate [4] .
To the extent this is valid, the angle sin(2β) can be determined without an angular analysis. The decay B 0 → D * + D * − may be preferred to B 0 → D + D − because contamination from penguin contributions and final state interactions (FSI) are expected to be smaller in the former decay [3] .
In this work we consider the possibility of extracting β from the decay B 0 → D ( * )D( * ) K s . These modes are enhanced relative to B 0 → D ( * ) D ( * ) by the factor |V cs /V cd | 2 ∼ 20. As in the case of B 0 → J/ψK s decay, the penguin contamination is expected to be small in these decays.
The possibility that a large portion of the b → ccs decays materialize as B → DDK was first suggested by Buchalla et al. [5] . Using wrong sign D-lepton correlations, experimental evidence for this possibility was found by CLEO, who observed B(B → DX) = (7.9 ± 2.2)% [6] . Later, CLEO [7] , ALEPH [8] and 
To estimate the above contribution and to calculate the non-resonant amplitude, we use heavy hadron chiral perturbation theory (HHCHPT) [11] . The momentum p k of K s can have a maximum value of about 1 GeV for B 0 → D * +D * − K s . This is of the same order as Λ χ which sets the scale below which we expect HHCHPT to be valid. It follows that in the present case it is reasonable to apply HHCHPT to calculate the three body decays.
In the lowest order in the HHCHPT expansion, contributions to the decay amplitude come from the contact interaction terms and the pole diagrams which give rise to the non-resonant and resonant contributions respectively. The pole diagrams get contributions from the various multiplets involving D s type resonances as mentioned above. In the framework of HHCHPT, the ground state heavy meson has the light degrees of freedom in a spin-parity state j P = + . In the latter case we have a heavy doublet with J P = (1 + , 2 + ).
These states can probably be identified with D s1 (2536) and D sJ (2573) [12] . Heavy quark symmetry rules out any pseudoscalar coupling of this doublet to the ground state at lowest order in the chiral expansion [13] ; hence the effects of these states will be suppressed and we will ignore them in our analysis. In fact there is an experimental upper limit on inclusive B → D s1 (2536)X < 0.95% at 90% C.L [14] . Since the total D * D * K rate is about 8%, this confirms that the narrow p-wave states do not account for a significant fraction of the total D * D * K rate.
The other excited doublet has J P = (0 + , 1 + ). Neither of these states has yet been observed even in the D system, because they are expected to decay rapidly through s-wave pion emission and have large widths [15] . Only the 1 + can contribute in this case. For later reference, we denote this state by D * ′ s1 . However, quark model estimates suggest [16] that these states should have masses near m + δm with δm = 500 MeV, where m is the mass of the lowest multiplet.
We will assume that the leading order terms in HHCHPT give the dominant contribution to the decay amplitude and so we will neglect all sub-leading effects suppressed by 1/Λ χ and 1/m, where m is the heavy quark mass. We show that from the time dependent analysis of B 0 (t) → D * +D * − K s one can extract sin(2β) and cos(2β). Measurement of both sin(2β) and cos(2β) can resolve the β → π/2 − β ambiguity.
We also point out that from the differential distribution of the time independent process B 0 → D * +D * − K s one can discover the 1 + resonance D * ′ s1 .
A similar analysis can be performed for B 0 → D + D − K s [17] . However the predictions of HHCHPT for this mode may be less reliable because of the larger energy of the K s . The effects of penguin contributions may also be more important in
as in the two body case [3] .
In the next section we describe the effective Hamiltonian and write down the amplitude for B → D * D * K s in the factorization approximation. In the following section, the various matrix elements in the amplitude are calculated in HHCHPT. In the last section we discuss and present our results.
Effective Hamiltonian and Extraction of β
In this section we present the effective Hamiltonian for B decays and discuss the extraction of sin 2β and cos 2β from the time dependent rate for B(t) → D * + D * − K s .
In the Standard Model (SM) the amplitudes for B → D ( * )D( * ) K s are generated by the following effective Hamiltonian [18, 19] :
where the superscript u, c, t indicates the internal quark, f can be u or c quark, q can be either a d or a s quark depending on whether the decay is a ∆S = 0 or ∆S = −1 process. The operators O q i are defined as
where R(L) = 1 ± γ 5 , and q ′ is summed over all flavors except t. O 1f,2f are the current-current operators that represent tree level processes. O 3−6 are the strong gluon induced penguin operators, and operators The c t i are the regularization scheme independent values obtained in Ref. [20] . We give the non-zero c where N c is the number of color. The leading contributions to P i s,e are given by: GeV [21, 12] .
The amplitude for B → D ( * ) D ( * ) K s can now be written as
where
We have defined
with
In the above equations N c represents the number of colors. It is usually the practice in the study of two body non-leptonic decays to include non-factorizable effects by the replacement N c → N ef f . Since it is not obvious that N ef f for two body non-leptonic decays is the same for non-leptonic three body decays we will use N c = 3 in our calculation.
As already mentioned, we expect the contribution from penguin diagrams to be small and so as a first approximation we will neglect M 3 and M 4 . Furthermore, from the values of the Wilson coefficients c 1,2
given above in the previous section it is clear that the amplitude M 2 is suppressed with respect to M 1 with the Wilson coefficients associated with M 2 being about 7 % of the Wilson coefficients associated with M 1 .
We also note that the currents
in M 1 and M 2 respectively, receive contributions from both the contact terms and the pole terms. For the former current the pole terms are proportional to 1/(E K − δm) while for the latter the pole term goes as 1/(E K + δm). This also leads to a further suppression of M 2 relative to M 1 . We therefore neglect M 2 and only retain M 1 in our calculation. We will also neglect CP violation in the K 0 −K 0 system and so (with an appropriate choice of phase convention) we can write
We next turn to the extraction of sin 2β and cos 2β from the time dependent rate for
We define the following amplitudes
where B 0 andB 0 represent unmixed neutral B and λ 1 and λ 2 are the polarization indices of the D * + and
The time-dependent amplitudes for an oscillating state B 0 (t) which has been tagged as a B 0 meson at time t = 0 is given by,
and the time-dependent amplitude squared summed over polarizations and integrated over the phase space angles is:
The variables s + and s − are the Dalitz plot variable
The transformation defining the CP-conjugate channelB 0 (t) → D − * D + * K s is s + ↔ s − , a ↔ā and β → −β. Then:
Note that for simplicity the e −Γt and constant phase space factors have been omitted in the above equations.
It is convenient in our case to replace the variables s + and s − by the variables y and E k where E k is the K s energy in the rest frame of the B and y = cos θ with θ being the angle between the momentum of K s and D * + in a frame where the two D * are moving back to back along the z-axis. This frame is boosted with respect to the rest frame of the B with
to y ↔ −y. The variable y can be expressed in terms of variables in the rest frame of B. For instance
where E + and E ′ + are the energy of the D * + in the rest frame of the B and in the boosted frame while E ′ B is the energy of the B in the boosted frame. The magnitudes of the momentum of the B and the D * + in the boosted frame are given by p ′ B and p ′ + respectively.
If we neglect the penguin contributions to the amplitude then there is no direct CP violation. This leads to the relation
where p k1 is the momentum of the of the K s in the boosted frame. The above relations then leads to
where we have defined
Carrying out the integration over the phase space variables y and E k one gets the following expressions for the time-dependent total rates for B 0 (t) → D * + D * − K s and the CP conjugate process
where I 0 and I s1 are the integrated G 0 (y, E k ) and G s1 (y, E k ) functions. One can then extract sin(2β) from the rate asymmetry
is the dilution factor.
The cos(2β) term can be probed by by integrating over half the range of the variable y which can be taken for instance to be y ≥ 0. In this case we have
where J 0 , J c , J s1 and J s2 , are the integrated
integrated over the range y ≥ 0. Measurement of the cos(2β) can resolve the β → π 2 − β ambiguity.
Matrix Elements
In this section we calculate the amplitude M 1 , given in the previous section, in HHCHPT.
In the effective heavy-light chiral lagrangian (HHCHPT), the ground state (j P = 1 2 − ) heavy mesons are described by the 4 × 4 Dirac matrix
where v is the heavy meson velocity, P * µ a and P a are annihilation operators of the 1 − and 0 − Qq a mesons (a = 1, 2, 3 for u, d and s): for charm, they are D * and D respectively. The field H a is defined by
Similarly, the positive parity 1 + and 0 + states (j P = 1 2 + ) are described by
In the above equations v generically represents the heavy meson four-velocity and D * µ and D are annihilation operators normalized as follows: 
For the octet of the pseudo Goldstone bosons, one uses the exponential form:
and f π = 132 M eV .
The lagrangian describing the fields H, S and ξ and their interactions, under the hypothesis of chiral and spin-flavor symmetry and at the lowest order in light mesons derivatives, is [13] :
where T r means the trace, and
(39) Σ = ξ 2 and ∆ is the mass splitting of the S a states from the ground state H a .
The currents involving the heavy b and c quarks,
in general in terms of form factors [22] 
with 
Next we have to calculate the currents involving a heavy and a light quark. The weak current L µ a = q a γ µ (1 − γ 5 )Q can be written in the effective theory as
where f Q is the heavy meson decay constant. One can therefore write
The non-resonant amplitude for the three body decayB
can now be written, after setting m 2 = m 1 , as
where K = 
The three partial waves that are allowed in this case, s, p and d are then given by
The CP of the final state is given by η(−) L where η is the intrinsic parity of the final states and L is the relative angular momentum between D * + and D * − . In the approximation v ∼ 0 one can write the non-resonant amplitude for
There can also be pole contributions of the type shown in Figure 1 .
These give the decay sequencesB The propagator for the vector resonance is given by
where the momentum of the propagating particle P = m I V + k where m I is the mass of the intermediate particle in Figure. 1.
The contribution from the pole diagrams are given by a 1res and a 2res , where a 1res is, with m I = m * ′ ,
Note that the above amplitude can be rewritten as
a 2res is given by, with m I = m * where m * is the 1 − D * s mass,
The amplitude a 2res gives a tiny contribution to the total amplitude and can be neglected. In fact, this amplitude vanishes in the small velocity limit where the D * are almost at rest [23] . We note that the process with the 0 + intermediate stateB
is not allowed due to parity conservation while the amplitude with the 0 − intermediate statē
is expected to be small compared to a 1res . The propagator term in the above amplitude goes as approxi- 
and the total amplitude for
2 ) (55)
In the boosted frame we can write
where E ′ k and p ′ k are the energy and the magnitude of the momentum of the Kaon in the boosted frame, E ′ ± and p ′ ± are the energies and the magnitude of the momenta of the D * ± in the boosted frame and m 1 is the D * mass. In the boosted frame we have the following relations
where E k and p k are the energy and magnitude of the momentum of the K s is the B rest frame, E ′ B and p ′ B are the energy and magnitude of the momentum of the B in the boosted frame and m, m 1 and m k are the B, D * and K s masses.
Note from the above relations that P 1 and P 2 can be expressed in terms of E k and y and P 1 (y, E k ) =
Squaring the amplitudes and summing over polarizations one can write
The double differential decay distribution for the time independent process
can be written as
where p ′ k and p ′ + are the magnitudes of the three momentum of the K s and D * + in the boosted frame.
The differential distribution depends only on The widths of the positive parity excited states are expected to be saturated by single Kaon transitions [13] . In our calculation we require the width of the D * ′ s1 state. Assuming
one can write Since the dilution factor, D, essentially measures the overlap of the amplitude a andā it is clear that a broad resonance will give a larger value for D than a narrow one. One can also reduce the dilution of the asymmetry by imposing cuts so as to reduce the resonant contribution. However as we try to increase the value of D by reducing the resonance through cuts we also lessen the branching ratio from loss of signal.
We consider a couple of cases where cuts may be employed to decrease the dilution of the asymmetry.
From Eq. (55-56) it is clear that resonance occurs when the following condition is met
If, in the allowed region of E k , we can find a value E k0 such that for values of E k ≥ E k0 the above conditions are not satisfied for −1 ≤ y ≤ 1 then we can remove the resonance by using the cut E k ≥ E k0 .
The value of E k0 ∼ 0.76 GeV in our case. We will call this case cut 1 for future reference.
Another possible cut is to include the whole range of E k but in the region E k ≤ E k0 we remove the resonance by cutting on the variable y. We can use the region −0.5 ≤ y ≤ 0.5 since for most values of E k the resonance condition is satisfied in the range −1 ≤ y ≤ −0.5 and 0.5 ≤ y ≤ 1. We will call this case cut 2 for future reference. In any event, the cuts can be optimized after the resonance has been seen experimentally. 
Results and Discussions
QCD sum rules have been used to compute the strong coupling constants g and h [25] . We will use g = 0.3 as obtained in Ref [25] but keep h as a free parameter because this coupling plays a more important role in the decay widths. MeV the branching fraction is 0.83%. In our calculation this corresponds to a branching ratio
This is consistent with the CLEO measurements mentioned above. We also show in the figure the branching fractions with cuts employed to lesses the dilution of the CP asymmetry. 
factor is about 0.75 with no cuts. For the case of cut 1, where we use the cut E k > E k0 to effectively remove the resonance, the dilution factor increases with smaller |h|. This is because for smaller |h| and E k > E k0 the resonant amplitude is small and the total amplitude is dominated by the non-resonant amplitude which give a larger value for D. For the case of cut 2, as in the case with no cuts, the dilution factor D decreases with smaller |h|. This is because we are using the entire region of E k and not removing the resonance by the cut E k > E k0 as in the case of cut 1. Consequently a broader resonance and hence a larger value of In Fig. 6 we show the the decay distribution dΓ/dE k versus the Kaon energy E k . For small values of E k the decay distribution shows a clear resonant structure which comes from the pole contribution to a 1res
with the excited J P = 1 + intermediate state. Therefore, examination of the D * K s mass spectrum may be the best experimental way to find the broad 1 + p-wave D s meson and as mentioned in the previous section a fit to the decay distribution will measure its mass and the coupling. In Fig. 7 we show the functions G 0 , G c , G s1 and G s2 integrated over the y ≥ 0 as a function of h. J 0 and J c refer to the integrated G 0 and G c functions while J s1 and J s2 refer to the integrated G s1 and G s2 functions. As already mentioned, restricting the integration range to y ≥ 0 allows a probe of the cos(2β) term in the time dependent rate for B 0 (t) → D ( * +) D ( * −) K s decays. It is clear from the figure that a broader resonance is more favorable to probe G s2 which is the coefficient of the cos(2β) term.
In summary, we have studied the possibility of extracting sin(2β) and cos(2β) from time dependent 
